Mitochondrial-associated nitric oxide synthase activity inhibits cytochrome c oxidase: implications for breast cancer.
Nitric oxide (NO) is produced and nitric oxide synthase (NOS) activity is expressed in many types of tumor cells, but their precise role in tumor proliferation has not been clearly elucidated. Recently, it has been observed that patients with triple-negative breast tumors expressing NOS have a significantly worse prognosis compared to those that do not express any NOS. We observed that NOS activity was associated with the mitochondria in two breast cancer cell lines, ZR-75-30 and BT-474, compared with another NO-producing benign breast epithelial cell line, MCF-12F, in which no significant mitochondrial-associated NOS activity was detected. The rate of proliferation of the malignant cells expressing mitochondrial-associated NOS was decreased in the presence of an inhibitor of NO synthesis, but it had no effect on the normal breast epithelial cells, MCF-12F, which also expressed NOS, but not associated with mitochondria. The basal rate of proliferation was not affected by ODQ, an inhibitor of soluble guanylate cyclase, indicating that the effects of the endogenous NO produced by the malignant cell lines on proliferation are cGMP independent. Our results indicate that mitochondrial-associated NOS activity exhibited by the cancer cell lines ZR-75-30 and BT-474 inhibited cytochrome c oxidase, resulting in increased production of hydrogen peroxide (H2O2), which inhibited protein phosphatase 2A activity. This resulted in the maintenance of Akt and ERK1/2 in a phosphorylated state, leading to cell proliferation.